Abstract. With the increasing concerns on the impact of cement production on the environment and the need to protect the environment, the use of mineral additives as cementitious material to partially substitute cement is being considered as an effective option. One of such material is fired clay brick which can be sourced as generated waste from clay brick industry. This has an added advantage of reducing industrial waste and preserving the natural resources. The experimental objective of this study is to examine the possibility of utilizing clay brick waste as partial replacement for Portland cement in concrete. The clay brick was finely ground into powder size, and after grinding, the morphological characterization of the powder materials was carried out using scanning electron microscopy (SEM). Moreover, the chemical composition of the brick material was determined using X-ray fluorescence (XRF). Laboratory tests were carried out to determine the workability, split tensile and compressive strength properties of the concrete with 0%, 10%, 20%, 30% and 40% partial replacement of cement with ground clay brick (CB). From the test results, the chemical composition of the brick powder meets the standard requirements for pozzolanic material, with the SEM revealing an amorphous solid mass. The workability of the concrete reduces with increase in brick powder content. A significant improvement of the split tensile and compressive strength of the concrete was achieved at 10% cement replacement, after which a decrease in strength with increasing ground clay brick content was recorded. The use of ground clay brick of not more than 15% was recommended for concrete production.
Introduction
Focus on new alternative cementitious materials to substitute cement is continually advancing. Some waste materials are being researched on as materials which can be recycled as a partial substitute for cement in concrete production. This helps in providing solutions to the menace of waste and effect of greenhouse gases on the environment. However, to effectively adopt these waste materials as alternative binder or additive materials, it is important that detailed and accurate information on the engineering, mineralogical, morphological, physical and chemical composition properties are known [1] . It was reported by [2] that supplementary cementitious materials (SCM) generated by industrial by-products such as fly ash or blast furnace slag in binder mixes can help achieve an improved concrete properties such as improved mechanical strength and durability of concrete. Moreover, using SCM including natural pozzolans as partial replacement to cement in concrete reduces the impact of cement on the environment [3, 4] and at the same time offer additional benefits in the performance of cement [5] including cost and energy saving [6] . Recently, effort have been made in the concrete industry to investigate the reuse of clay brick waste generated by ceramic brick manufacturing factory as alternative cementitious material to partially substitute cement in mortar and concrete [7, 8] .
Studies by [9] stated that clay brick which mostly composed of silica and alumina compounds assume its pozzolanic characteristics when activated by thermal treatment by calcination at temperature not less than 900 °C. This is due to the transformation of the raw clay primary nature by the breaking down of crystalline structure of the clay and formation of silica and alumina in amorphous state. Aside activation by thermal treatment, the pozzolanic activity of the clay brick is also a degree of its fineness [2] . Furthermore, the pozzolanic character of clay brick when it is activated and added to a mortar or concrete mix react with the calcium hydroxide Ca(OH) 2 from the Portland cement forming a cementitious compounds of hydrated gel C-S-H, resulting in a modification of concrete or mortar properties [10] . Studies have shown that the total porosity of the resulting concrete decreases with increasing hydration time with the addition ground clay brick as pozzolan in a concrete mix [11] . However, a decrease in the characteristic strength development was observed with increasing cement substitution by ground calcined-clay brick content [12] , but [7] reported that results of 90 days compressive strength for up to 20% replacement of cement by ground clay brick compared well with the control mix, while the findings of [8] concluded that ground clay brick can be used as cement replacement in concrete for up to 30%.
In Nigeria, clay brick industry produces large quantities of brick annually and also generate waste brick which most times are dumped in landfill sites, thus becoming a menace to landfill operation. With the opportunity that clay brick offers as a prospective pozzolanic material [4, 12] , reusing the generated waste clay brick as cement replacement can be exploited to help reduces industrial waste in addition to keeping our environment healthy [8] . Therefore, the purpose of this study was to investigate the effect of the partial replacement of cement with ground clay brick powder on the workability, split tensile and compressive strength of the resulting concrete.
Materials and Methods

Materials:
The ordinary Portland cement (ASTM Type I) used for this study was sourced commercially while the clay brick was obtained from discarded waste clay brick generated by a brick and ceramic factory located in Oregun, Lagos, Nigeria. In order to activate the pozzolanic behaviour, the clay brick had to be crushed and ground to required fineness using a ball mill machine and sieved through a 0.075 mm sieve openings. The chemical compositions of the cement and ground clay brick (CB) were determined using XRF.
Methods.
For the preparation of the control concrete, River sand (passing through 4.75 mm sieve but retained on 0.075 mm sieve) and gravel aggregate of size 10 -20 mm combined with ordinary Portland cement were used for the concrete production. The particle size distributions and fineness modulus of the sand and gravel was determined by sieve analysis. The design mix were batched by weight, using ratio 1:1.5:3(cement: sand: gravel) and a water -cement ratio of 0.5, targeting a mean strength of 25MPa. The mixes were thoroughly mixed to ensure even distribution of all concrete constituents. Ground clay brick powder was used to partially substitute cement by the proportions: 0%, 10%, 20%, 30% and 40%. Slump test was used to determine the workability of the various batches of concrete in accordance with [13] .
Concrete cubes of dimension 150x150x150 mm and cylinders of 100 mm diameter by 200 mm in height were casted inmouldandremovedafter24hours. Each casted specimen was appropriately labelled for identification. Bulk densities of the concrete cubes were determined. Both the cubes and cylinders were cured in water by immersion and tested for compressive and split tensile strengths at ages of 3, 7, 14 and 28 days for each percentage replacement of cement with clay brick powder in the concrete. The average strength of three specimens was determined for the various tests. The compressive strength of concrete cubes and the split tensile strengths of the concrete cylinders were determined in compliance with [14, 15] , using YES-2000 digital display compression machine.
Preparation and testing of concrete samples were carried out at the Structures laboratory of the Department of Civil Engineering, Covenant University, Ota.
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Results and Discussion
Results of chemical compositions tests using XRF for the cement and CB are given in Table 1 . The Ground clay brick compared well with the requirements to function as a cement replacement following the requirement of [16] for a potential pozzolans material to be accepted as a potential cement substitute. The minimum percentage of SiO 2 + AL 2 O 3 + Fe 2 O 3 is 79% by mass compared to [16] The fineness modulus of both the fine and coarse aggregate was 2.69 and 2.85 respectively, an indication that the aggregate materials were good for producing concrete. The specific gravity of the ground clay brick, sand, gravel and ordinary Portland cement were 2.52, 2.62, 2.70 and 3.15 respectively.
The workability of the concrete was kept approximately constant between 10 and 20% cement replacement and compared well with the control concrete. However, a decrease in the slump was recorded at 30 -40% replacement of cement with ground clay brick. This implies that the concrete became less workable with increasing percent replacement of cement with the clay brick powder at a constant water -cement ratio. The results of compressive strength tests are presented in Figure 2 . The results show an increase in strength for up to 10% replacement of cement with ground clay brick, then the compressive strength of the concrete decreased slightly for the 28 days curing sample. However, as expected the strength development of concrete increase with age. The strength development of the concrete tensile strength closely mirror the compressive strength results as shown in the split tensile test results in Figure 3 . 
Conclusion
This study investigated the substitution of CB for cement in concrete and the results shows the potential of using CB as partial Portland cement substitute for concrete production. The following conclusions can be deduced from the study:  A decrease was verified in the slump of the freshly prepared concrete as the percentage CB replacement for cement increases.  The introduction of the CB into the concrete mix resulted in marginal decrease in the bulk densities of the hardened concrete compared to the plain concrete.  All CB concrete show a significant improvement in compressive strength development at 28 days compared with the control. However, at 28 days, a significant improvement in compressive strength of the hardened concrete was observed at 10% CB replacement, then followed a gradual decline in the strength. The tensile strength exhibit the same trend.  Replacement of ordinary Portland cement with ground waste clay brick can be used up to 15%
as an addictive material in the production of concrete.
